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The Camelia-Paraiso Mine is located in the mining dis­
trict of Real del Monte y Pachuca in the state of Hidalgo, 
Mexico. The Camelia Pariso mine was started in 1932.
During this time, the price of gold and silver was low, 
so the miners exploited only the richest parts of the veins. 
Consequently, they left behind large amounts of ore in the 
thinner veins with lower grades. The rapid rise of gold 
and silver prices created an opportunity for mining 
especially because of the philosophy of the Company of 
maintaining the economic equilibrium of the area by main­
taining a source of labor. Based on standard cost, a 
detailed cost study was carried out by the author on each 
of the veins. An exploitation project was developed in 
order to determine the costs of the mining operation. With 
all the parameters defined, a sensitivity analysis has been 
done using a computer program that simulates the discounted 
cash flow rate of return.
As a result of this study, it is recommended that the 
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The mining district of Real del Monte y Pachuca in
2 *the state of Hidalgo has an area of 130 Km . The head­
quarters of the mining district is in Pachuca City, capital 
of Hidalgo which is 93 Km (northeast) from Mexico City.
This district is the larger of mineralized areas with 
a direction of N4 5°W through the town of Pachuca and con­
tinuing North 180 Km through the states of Queretaro and
Guanajuato, and to the South 160 Km to Teziotlan Puebla.
Since exploitation started in 1522 the district has 
produced more than 38,000,000 Kilograms of fine silver and 
more than 192,000 Kilgrams of fine gold. This area is con­
sidered to be one of the most important producers of gold
and silver in the world.
The district has different climates because of the 
topography. The average annual temperature is 14.5°C in 
Pachuca and 12.5°C in Real del Monte. Typically the rain 
season is during the summer and fall following with a dry 
season in winter and spring.
* See Glossary of Abbreviations, page 98.
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Control of this mining district has passed through 
four different administrations: Spanish, British, Mexican,
and North American. The United States Smelting, Refining, 
and Mining Company was the last administration before the 
Mexican Government bought the rights over the district.
The ore reserves of the district were depleted rapidly 
under the administration of the United States Smelting, 
Refining, and Mining Company. The company was acquired 
by the Mexican government in 1947 for $3.5 million in order 
to try to stabilize the declining production and maintain 
economic stability of the area. The Federal government 
established an operating company called Real del Monte y 
Pachuca Company and continues mining without great changes 
in personnel. The national company employed approximately 
4,500 people working in the mines, plant, and offices.
Under governmental control the philosophy of exploi­
tation changed drastically with the objective to maintain 
the production as long as possible by mining lower economic 
grades.
Another characteristic of the district under govern­
mental development is centralized materials handling. The 
Camelia Paraiso (shaft) mine is 2 Km Northeast from the 
San Juan Pachuca shaft which handles all production from 





















in 1932 with a drift development on Level 480 on Paraiso 
shaft which cut the veins (number 2, 3, 4, 5, 6, and north­
east vein). During this time the price of gold and silver 
was low and because of the narrow veins the miners exploited 
only the richest parts of the veins. Consequently, they 
left behind large amounts of ore in the thinner veins with 
lower grades.
The rapid raise in price of gold and silver created 
an opportunity for mining and especially because of the 
philosophy of the company of maintaining the economic 
equilibrium of the area by keeping a source of labor. This 
they accomplished by mining to the - grade-economic limit 
and extending the life of the district as long as possible 
' The following economic evaluation for Camelia Paraiso 
mine is based on an assumed production of 400 metric-tons 
daily (almost one-quarter of the total district's production). 
The time horizon is one year and a half, which is the minimum 




(Real del Monte y Pachuca District)
The rocks of the Real del Monte y Pachuca district 
are stratified and gently dipping volcanic rocks, whose 
age varies from early Oligocene to Late Pliocene. They 
rest on top of a marine formation of Mesozoic age which has 
been intensely warped and deeply eroded and shows a north- 
northeast structural trend.
These volcanic rocks are in the great majority, and 
consist of andesites, rhyolites, which are present in the 
form of breccia, and tuff flows. This stratified volcanic 
flow of tertiary comprises ten different formations: Santiago,
Corteza, Pachuca, Real del Monte, Santa Gertrudis, Viscaina, 
Lerezo Thezuantla, Zomate, and San Cristobal formations.
The original thickness of the volcanic pile was about 
2,600 meters. Other rocks in the district consist of clastic 
sediments and volcanic flows which vary in age from Late 
Pliocene to recent and are Navajas Rhyolites, Guanajuato 
Trachyte, and Trango and Atotonilco el Grande formations.
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Typical mineralization includes small quantities of 
sphalerite, galena, and chalcopyrite. The silver minerali­
zation usually follows the sulfide deposition; however, in 
some places they occur simultaneously. Some of the silver 
minerals partially replace some of the sulfides. Silver 
minerals include: Acantite, Argentite, Polibasite, Pyra-
girite, Provstite, and Native Silver.
The tertiary rocks have been deformed by movements 
along normal faults. This movement originated at the end 
of the Miocene and was followed by intrusive dikes of 
quartz rich dacites. The emplacement of dikes was followed 
by faulting which in turn precedes mineralization. The 
mineralization took place along faults, planes, and joints. 
Where mineralized veins intercept the rhyolitic dikes, they 
become narrowed until they resemble a thread of pure quartz. 
Adjacent zones around the intersections of rhyolite dikes 
and the mineralized veins rarely contain mineable ores.
Veins
The ore is found in two different areas. In the 
Pachuca area the veins run north and south and are the result 
of a hydrothermal process which invaded existing fissures and 
cracks causing alteration and replacement of country rock.
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A typical vein mineralization consists of quartz, pyrite, 
rhodonite, plenty of calcite and minor amounts of albite, 
epidote> and chlorite.
Intermittent faulting during mineralization fractured 
already existing mineralized veins and developed new cracks 
which eventually became mineralized also.
The mineable vein deposit changed in thickness from a 
minimum of 1.2 meters to a maximum of 30 meters. However, 
those veins ranging from 2 to 4 meters are the richest in 
the silver content.
In spite of active erosional activity after mineraliza­
tion, most mineralized veins are still deep below the present 
ground surface. Some of the ore veins are as deep as 400 
meters underneath the ground surface. The shape and geo­
metry of individual veins suggests that temperature and 
pressure had great effect in development of the present 
structure.
Supergene oxidation has had little or no effect upon 
most of the deep-seated orebodies; however, they have al­
tered some of the shallower veins, oxidizing mainly ferru­
ginous and manganese-bearing minerals.
Genesis
The most generalized theory about the origin of min­
eralization in this area states that normal forces exerted
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by rhyolitic intrusions upon the andesitic country rock, 
along an-East-West direction, fractured the andesitic mass
in a normal fashion (joints and faults are of a normal 
type).
During the Pliocene age, a rhyolitic mass intruded 
the andesitic rock exerting pressure in a Northern direction 
developing as a result, a North-South system of fractures 
and compressing the already developed set of East-West 
fractures. The hydrothermal solutions mineralized the 
North-South system of fractures.
While the rhyolitic mass was cooling down, the pres­
sure on the andesitic rock was relieved and fractures 
developed once more along the East-West direction. Later 
mineralization took place along these fractures.
Mineralization along the North-South fractures system 
includes more high temperature minerals^ such as galena and 
sphalerite, than does the East-West system. This reflects 
the differences in environment in temperature, pressure, 
and the time when mineralization took place along each 
system.
Tectonic movements taking place after mineralization 
gave origin to the faulting of both the N-S and E-W systems.
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Geology of the Veins (numbers 3, 4, and 6) 
of Camelia Paraiso Mine
Vein Number 3. Vein Number 3 has a strike of about
due E and a dip of 84°S. It is just 40 meters south of
Vein Number 4. Hand specimens and thin sections were studied
from vein number 3. Most thin sections consist of andesite
which is rich in altered albite; they contain variable amounts 
of quartz, most of which is in the form of veinlets, plus 
some amounts of sulfide minerals.
The matrix of the rock is albite. Kaolinization and 
moderate chloritization, as well as weak oxidation of the 
ferrous minerals^ took place before fracturing of the rocks 
and emplacement of quartz.
Vein Number 4. A hand specimen and a thin section from 
vein number 4 reveals the presence of sulfide minerals in a 
sequence which does not follow the paragenetic sequence from 
most of the veins in the district. Albite is replaced by 
disseminated sulfide minerals and quartz. Talc is the most 
common alteration product of albite. Veinlets of quartz and 
calcite cut earlier veins and veinlets.
The order of abundance and the Paragenetic sequence of 
minerals from Vein No. 4 in the Camelia Paraiso Mine are 
shown in Figure #3.
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Vein Number 6. Vein No. 6 is cut by the Vein No. 5 
and the Northeast. Hand specimens and thin sections were 
studied from Vein No. 6 (from Level 395). The matrix of 
the rock is totally silicified. Some chlorite and quartz 
replaced the country rock and filled fractures.
Fracturing took place in the quartz vein allowing 
calcite to replace the quartz and fill cavities. Previously 
the sulfide minerals replaced and were disseminated in the 
quartz.
Fracturing took place in the country rock and in the 
mineralized veins. New mineralization took place in the 
calcite, quartz, and sulfides. On thin sections we can 
see that the calcite replaced the original mineralization. 
Most of the sulfide is disseminated in quartz and the older 
calcite. Most of the silver sulfide replaced calcite while 
the non-precious sulfides were in the quartz.
The Argentite is the only mineral of silver that is 
found in Vein No. 6. The calcocite replaced the galena and 
the covelite replaced the calcocite.
The order of abundance and paragenetic sequence of 
minerals from Vein No. 6 in the Camelia Paraiso Mine is 










































































Cost of any process can be classified over the short 
term into fixed and variable categories. Whether a.cost 
is fixed or variable depends on time. The time differences 
to vary the quantity of different resources being used in a 
productive process is the essential difference between short 
and long term analysis. The classification of fixed and 
variable cost are altered by aggressive and energetic manage­
ment when new investments are undertaken or the production 
system is reorganized. On the other hand, when the system 
operates without major changes, fixed and variable costs may 
remain constant per unit of output over a wide range of pro­
duction .
Cost estimates of specific operation are based on time 
studies under normal conditions and yield a standard cost 
used in estimating the efficiency of operations.
Labor Cost
The cost of labor is established by the latest labor 
contract set by the union and the management. The workers 
are broken down into different categories and receive their
13
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salary accordingly. The workers are paid on the shifts 
worked and may receive a bonus according to their produc­
tivity.
In addition to a base salary, the miner receives a 
share of the total daily output of fine silver. This share 
of silver was created by a Presidential decree (1949) and 
give the miners rights over the silver production. The share 
of silver is about $4.10 per shift per worker (cost of sharing 
the silver production).
In addition to a base salary plus production bonus plus 
share of silver the company must pay the worker compensation 
in the form of physical assistance, recreational facilities^ 
and paid vacations which amount to 50 percent of the base 
salary plus bonus. Therefore, the real salary per shift 
for a driller is as follows:
Base salary 56.54
Bonus 16.02
7th day proportion** 8.07 80.63
50% compensation 40.31
Share of silver 4.10
125.04
The salaries shown in Table #3 were computed using the 
foregoing calculation.
* Numerical figures are in pesos.




Assumed Wage Rates by Job Category
Classification Wage (pesos)/Shift
Surveyor 140.00
Surveyor helper 13 5.00
Contractor 228.00
Contractor helper 125.00




















Pipe foreman helper 100.00
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Standard Cost Calculation (peSos)
COMPRESSED AIR
Average monthly cost of operation (12 compressors) = 
Average monthly (cubic feet per minute) Output
146563 = 00.00276/ft3
53092800
A thousand cubic feet will cost $2.76
RAIL INSTALLATION COST
Labor (railman, 2 helpers) 320
Material
6 rails, 9 mt$̂  each (35 lb/y) 6163
27 railroad ties (102xl27mmx.90 mt) 614
108 rail spikes (10x76 mm) 63
12 union rails 62
24 screws (13x51 mm) 27
6 earth-contact ___8
Total for 27 mts 7257
7257 = $269 per meter of rail assembled.
27 mts
DRILL STEEL COST 
(produced by Cia Real del Monte y Pachuca)




* See Glossary of Abbreviations, page 98.
1996 17
DRILL STEEL COST 
(produced by Cia Real del Monte y Pachuca)








Plus 30% fixed cost, unexpected, 
material increase 121.04
Total $524.51
Cost of Second Steel $524.51








Plus 30% fixed cost, unexpected, 


















Plus 30% fixed cost, unexpected, 
or material increase 34. 6 8
Total $236.95










COST PER METER DRILLED
Assumptions: The economic life of the steel is finished
when the first reinsertion is gone and each bit resists 
8 sharpenings.
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FIRST STEEL 353.23 SECOND STEEL 524.50
Sharpened (8 ) 61.79 Sharpened (8 ) 61.79
Reinsertion 236.95 Reinsertion 236.95
Sharpened (8 ) 61.79 Sharpened (8 ) 61.79
Total 713.76 Total 885.03
In a drift development on vein the steel is Introduced 1.6
meters average and is only used 18 times.
1 . 6  x 18 = 28.8 mts per drill
First steel = 713.76 = 24.78
28.8





Per meter drilled in development drifts.
In a rise the steel is introduced 1.2 mts average and used
only 18 times.
1 . 2  x 18 = 2 1 . 6  mts.
First steel = 713.76 = 33.04
21.6
Second steel = 885.03 = 40.97
21.6
First steel 33.04 
Second steel 40.97
Total $74.01
Per meter of raise drilled.
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PIPE INSTALLATION COST
The required pipe diameter is 4" for general lines with 
compressed air, and 2 " diameter pipe for secondary lines. 
Water will be supplied by 1" diameter pipes.
(4") Pipe for Comprejssed Air 
WORK LABOR MATERIAL METERS COST/METER
1. Horizontal 1,013 3,214 38.4 110.09
2. Horizontal curved 709 1,602 19.2 120
3. Vertical 1,015 2,181 19.2 166
4. Vertical curved 709 1,090 9.6 188
(2") Pipe for Secondary Compressed Air 
WORK LABOR MATERIAL METERS COST/METER
1. Horizontal 1,219 4,486 89.6 64
2. Horizontal curved 761 2,243 44.8 67
3. Vertical 1,524 3,219 64 74
4. Vertical curved 914 1,610 32 79
(1") Pipe for Water Supply 
WORK LABOR MATERIAL METERS COST/METER
1. Horizontal 838 3,662 160 28
2. Horzontal curved 719 2,929 128 29
3. Vertical 549 1,821 76.8 31
4. Vertical curved 427 ' 911 38.4 35
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COST OF DRILLING AND DEVELOPMENT
In drifts, cross cuts, and tunnels, the cross section 
is 2 x 2.2 meters and 30 holes are drilled in the face and 
27 of them are loaded. This varies with the hardness of the 
rock. Each drill hole has an average 1.6 meter depth but the 
effective advance for development is 1.4 meters per cut on 
the average.
Labor (driller and helper) 243.00
Material
30 Kg of Mexamon (1.1 Kg/hole)
27 cartridges of Gelamex (22x203mm)
48.6 mts ignition line 
27 connectors 
27 caps
.75 mts thermalite 
57 cartridges of mud 









Compressed air use by the drill machine 
RDM #4 (110 cfm) (5 minutes/hole) 7.00
Compressed air use by loader Eimco 12B 
(220 cfm)(90 minutes) 7.00
Steel 83.00 
682.00 for 1.4 mts
of development
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682 = $487 per meter developed
1.4
In one meter developed we have 11 tons of ore and the cost per
meter developed is $487. Therefore: 487 = $44 per ton in
11
drifts.
COST OF RAISE DEVELOPMENT 
In the prospecting raise, the cross section is 2.5 x
1 . 6  meters with 2 2 holes drilled in the face and 2 1 of them
are loaded. On the average each hole is 1.2 meters deep
but the effective advance is 1 meter producing 1 0 tons of 
ore.
Labor (driller, helper) 249
Material 152
Compressed air (RDM #4, 110 cfm) 5
Steel 83
$489 per meter of
raised develop­
ment
$489 = $48.9 per ton in raised development.
1 0 ton
COST OF DIVIDERS IN RAISE 
There is a need to divide the raise in two ways: one
for the men to pass and one for the ore . This is the 
common way for most of the raises to be designed.
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958 = $368 per meter of divider
2.6
$958 per 2.5 meters of 
divider
COST OF INSTALLING CHUTES IN SHRINKAGE STOPES
A standard chute is used for the control of ore in the
stope, and the loading of the mine cars. (Shown in Figure
Labor (driller, welder, mechanic, helpers)
(11 shifts) 2,525
Material 3,380
Explosives and others 2,44 3
Compressed air and steel 13
$8,361 per chute
COST OF SHRINKAGE STOPING 
(Shown in Figure 9)
The stoper drill machine is the RDM #4 produced by the 
Cia R.D .M.P-. T^e holes are steeply inclined. A horizon­
tal slice 5 mts long, 1.0 mts deep^ and 1.4 mts thick is
Lblasted with 17 holes drilled per shift.
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Volume 1 . 0 x 5 x 1 . 4 x 2 . 5  E.G. =18 ton per
shift




Total $460 per 18 tons
460 = $26 per ton in shrinkage stoping 
18
COST OF MANPASS IN SHRINKAGE STOPING
Use for manpass and ventilation of the stope.
Labor (driller, helper) 248
Material 77 5
Total $1,023 for 2.5 mts
of manpass
1023 = $409 per meter of manpass assembled
2.5
COST OF LADDER 
Labor (mechanic helper) 1/3 shift 34
Material 301
Total $335 per 3.7 mts 
of ladder
335 = $91 per meter of ladder assembled
377
T-1996 26
COST OF HAULAGE AND HOISTING 
("s'hown in Figure 5~)
All of the production,including waste and ore from the 
stopes, developed in exploration will be trammed by a 
Goodman 4-ton Locomotive pulling 12 cars, carrying 1 1/2 
tons each. Ore is dropped into selective bunkers on Level 
480 holding 450 tons and 360 tons. Then the ore is con­
veyed through chutes through two 2 1/2 ton skips on Level 52 0 
and hoisted to Level 120 where it is dropped into bunkers, 
the Camelia 1000 ton bunker and the San Rafael 800 ton bunker. 
Then the ore is conveyed by chutes to Level 170 and trammed 
by a 6 -ton Goodman Locomotive hauling 4 cars, 4-tons each.
At that point, the ore is dropped into two bunkers of 1000 
tons each on Level 30 in the San Juan shaft. Again the ore 
is conveyed by chutes to Level 7 5 of the San Juan shaft and 
hoisted in two skips of 5-tons each to the surface. At this 
point it is ready for crushing and milling.
THE HOISTING AT THE PARAISO SHAFT 
(Shown in Figure 5)
The limitation on production rate is in the hoisting 
at the Paraiso shaft because on the average only four hours 
of a shift are available for hoisting. The skips take 3 
minutes for the round trip (Level 520 to 120).
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Haulage level 480 (3 miners) 359
Hoisting Paraiso shaft (5) 559/4 hours 279
Haulage Level (170=30)(3) 359
Maintenance Level (170=30)(3) 320
Hoisting San Juan shaft (2) 340/20 min. 113
Total $1,4 30
Electric Power
Haulage level 480 (100 HP x 0.746 x 7 x
0.146)
Hoisting Paraiso shaft (290 x 0.746 x
4 x 0.146)
Haulage level (170=30)(45 x 0.746 x 8 x
0.146)






$1,703 per 200 tons
1703 = $8.51 per ton hauled and hoisted 
200
Assuming that waste causes an additional cost of $8.36 per ton 







cost of waste hauled, hoisted, and transported to the 
waste dump is as follows:
8.51 per ton of ore hauled and hoisted 
+8.36 truck transportation 
$16.87 per ton of waste hauled and hoisted
COST OF SUPERVISION AND MAINTENANCE 
Where production is limited to 200-tons per shift, the 
cost of supervision and maintenance is distributed as follows: 
Labor (surveyor, sampler, engineer, etc.) $4,698 
Maintenance, shaft, hoist, and levels 1,867
Total $6,565 per week
The production per week will be 12 shifts x 200 ton/shift = 
2400 tons
6565 = $2.73 per ton for supervision and maintenance 
2400
COST OF PLATFORM FOR EMPTYING THE RUIN 
The ruins are refilled veins with a low grade (average 
120 gr Ag/ton) but are easy to mine and economical (as shown 
in F igure 15 ).
Labor (trammer, helper, 4 miners) (6 shifts) $3,385 




COST FOR INSTALLATION OF TROLLEY LINE
The trolley line must be constructed from Vein # 6 to 
the Paraiso shaft, a distance of 1300 meters. The wire used 
in construction is copper 00 and requires support by 171 
pieces and 37 gates.
Labor (electrician, 2 helpers)(22 shifts)
(60 mts/shift) $8,316
Material (copper wire, insulators 
connectors) 29,394
Total $37,710








First steel (1.6 mts)
Second steel (2.2 mts)
Bit reinsertion 
Sharpen bit
4. Cost per meter drilled
Drift or crosscut 
Raise
5. Cost of Pipe












































7. Cost of dividers in raise 
Per meter of divider 368.00
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Table 4 continued
8 . Cost of installing chutes in shrinkage stoping
Per one chute $8,361
9. Cost in Shrinkage Stoping
Per ton broken 26
10. Cost of Manpass in Shrinkage Stoping
Per meter manpass assembled 409
11. Cost per Meter of Ladder Assembled 91
12. Cost per ton Hauled and Hoisted
Per ton of ore 8.51
Per ton of waste 16.87
13. Cost for Supervision and Maintenance
Per ton 2.7 3
14. Cost of Ruin's Platform Assembled 7,467.00
15. Cost for Installation of Trolley Line 39,595.00
COST PER METER IN HORIZONTAL DEVELOPMENT
(ore) (waste)
Per meter of rail 264
Per meter pipe 4" (air) 1 1 0
Per meter pipe 1 " (water) 28
Per meter drilled and developed 487
Per meter hauled and hoisted (8.51x11) 94





COST PER METER IN VERTICAL DEVELOPMENT
Per meter pipe 2" (air)
Per meter pipe 1" (water)
Per meter 1" (air emergency)
Per meter divider in raise
Per meter of ladder
Per meter drilled and developed
Per meter hauled and hoisted (8.51x10)

















Per meter pipe 4" (air) 110 166
Per meter pipe 1" (water) 28 31
138 197
20% supervision $167 $236
Per meter of rail 269
Per meter of ladder - 91
361 221
20% supervision $433 $265
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Analysis of Equipment and Operation Cost
I. Replacement Analysis for a Drill Machine RDM #4
The Cia Real del Monte y Pachuca manufactures its own 
drill machine which is called RDM #4. It is a copy of a 
commerical drill. A drill machine has a cost of $14,830 
and its annual cost of operation is $4,520 and increases by 
$920 every year.
The increasing cost of operation and the decreasing 
fixed capital cost indicates that there is an optimum time 
to keep a given machine in operation. The calculation can 
be made to minimize the capitalized annual cost of the drill. 
The required interest rate is 15 percent.
C = 14,830 OC = 4,520 OC = 4,520 + 920 (gn)
j_____________ i________________i__________ i________u0 1 2 3 h





7 y *o r * .SCON CM I c
A N N U A L  TOTAL  COST
A N N U A L  O P E R A T I ON COLORADO SCHOOL 
0 F  M I NE S
COSTANNUAL L I F EE C ON OM IC
LEOPOLOO GARGA F jFigure
T-1996 36
AC1 = 14,830 (1.15) + 4,520 + 0 = 21,574
AC 2 = 14,830 (.61512)+4,520 + 920 (.465) = 14,070
AC 3 = 14, 830 (. 43798) +4,520 + 920 (.907) = 11,849
AC 4 = 14,830 (.35027) +4,520 + 920 (1.326) = 10,934
AC 5 = 14, 830 (.29832) +4,520 + 920 (1.723) = 10,524
ac6 = 14 ,830 (.26424) +4,520 + 920 (2.097) = 10,367
*ac7 = 14,830 (.24036) +4,520 + 920 (2.450) = 10,338*
ACS = 14,830 ( .22285) +4,520 + 920 (2.781) = 10,383
AC 9 = 14,830(.20957) +4,520 + 920 (3.092) = 10,472
ACio = 14,830 (.19925) +4,520 + 920 (3.383) = 10,587
At the seventh year the annual total cost is minimal. 
It is the final period of economic life. Keeping the drill 
machine RDM #4 more than seven years is not economic, as 
shown in Figure 6 .
The Equipment Investment and Annual Cost
1. Drill Machine RDM #4
Initial cost = 14,830
Operation and maintenance = 4,520
Increase annually = 920
2. Haulage Locomotive
Initial cost






3. Pneumatic Loader (Eimco 12-B)
Initial cost = 100,600
Operation and maintenance = 13,000
Increase annually = 4,700
4. Mine car
Initial cost = 11,319
Operation and maintenance = 1,200
Increase annually = 610
Summary of Equipment Investment and Annual Cost
Initial Operation and Maintenance
Equipment___________ Cost Yr #1 Yr #2
30 Drill machines $ 444,900 $135,600 $163,200
1 Haulage locomotive 421,000 21,870 35,620
4 Neumatic Loader
(Eimco 12-B) 402,400 52,000 70,800
42 Mine Cars 47 5,398 50,400 76,020
Totals $1,743,698 $259,870 $345,640
Equipment Depreciation 
The depreciation use is straight line over 6 years 
average economic life.
Equipment investment = 1,743,698 = 290,616/year 
Economic life 6
We only take 2 years depreciation (project); the amount left
is the book value.
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RESERVE CALCULATION
The original reserve calculations were calculated in 
a conservative way which ignored continuity of grades between 
zones identified as economic. Assuming continuity in the 
veins will probably increase ore reserves by 60 percent.
The classification of reserves are: positive, probable,
possible, and ruin.
1. Positive Reserves
Positive reserves are defined as that tonnage within 
a block of ore which has been sampled for vein thickness 
and grade along three or four sides.
2. Probable Reserves
Probable reserves are those within a block of ore that 
has been sampled for thickness and grade along two sides.
3. Possible Reserves
Possible reserves are defined on the basis of a projec­




Ruin is the refilled vein with low grade that the miners 
left behind during the exploitation.
The £©;nining of ruin is shown in Figure 15.
Average Grade
Accumulating the result that we get by multiplying the 
thickness by the grade in each sampling test, we then divide 
by the accumulated thickness to arrive at the average grade.
Volume of Reserves
Measuring the area of the block (from cross sections) 
and multiplying it by the average thickness, the volume is 
figured.
Real Volume of Reserves
The volume already calculated will be the actual a:fter 
considering the dip and strike factors.
Dip, Strike, and Dilution Factors
Dip and Strike Factors
These factors increase the volume of reserves because of 
variation in dip and strike (actual difference between the 
projection line and the vein), shown in Figures 7 and 8 .
Dilution Factor
The country rock beside the vein will be mixed with
the ore at the time of mining. This increases the volume 
about 2 0  percent.
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The following tables (3, 4) show the amount of ore 
reserves and metal content of the veins (No. 2, 3, 4, 5, 6 ) 
in Camelia Paraiso mine.
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V t iN  # •




M IN E S
ECONOMICS
S T R I K E  FACTOR








Amount of Ore Reserves 
Camelia Paraiso















1. Positives 322 1.35 4.544 11.360
2. Probables 224 1.41 1.993 4.982
3. Possibles 183 1 . 1 0 .469 1.172
246 1.28 7.006 17.514
20% Dilution 204 1.28 21.016
VEIN 3
1. Positives 292 1 . 8 6 .662 1.655
2. Probables 192 1.62 3.745 9.362
3. Possibles 261 2 . 0 0 2.634 6 . 585
2 5 1  \ 1.82 7.041 17 .602
20% Dilution 209 1.82 2 1 . 1 2 2
VEIN 4
2. Probables 238 1.40 9.620 24.050













































































































The veins #2, 3, 4, 5, 6 31.075




EXPLORATION, DEVELOPMENT, AND EXPLOITATION
EXPLORATION
Due to the lower price of gold and silver in previous 
years and the existence of higher grade veins, veins #2, 3,
4, 5, and 6 were not developed fully. With the rise in price 
of gold and silver, and the termination of the larger veins, 
the secondary veins became more attractive.
This mining district is known for its continuity char­
acteristic. In many cases when two mineralized regions are 
encountered in different levels, it has been found that they 
both are connected by continuous mineralization. This con­
tinuity is not taken into account in the ore reserve calcu­
lation, thus leaving out over 40 percent of the possible 
mineralization. In general the development project is being 
done within a possible mineralization zone and also serves 
the purpose of exploration.
'DEVELOPMENT
The development will be according to the shrinkage 
stoping mining method. Basically the separation between 
levels is determined by the cost per ton of mineral.
46
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1. Development and preparation costs (until the mineral 
is ready for shrinkage stoping) and equipment cost for 
mining is the kind of cost that decreases as we make the 
separation between levels larger.
2. The kind of costs that increase proportional to the 
distance between levels are maintenance of drifts, ore 
passes, raises, haulage, hoisting, pumping, ventilation^ 
and supervision. Experience has proved that the optimum 
distance between levels is 50 meters.
EXPLOITATION
Shrinkage stoping is the traditional and most apt 
mining method. It is shown in Figure 9.
I. Justification of Shrinkage Stoping, Method of Exploitation
a) The shrinkage stoping method is the most efficient 
for the geological situation because of the physical char­
acteristics of the vein in country rock. Veins dip steeply, 
have a thickness of 1.52 meters and are surrounded by com­
petent country rock.
b) Unit cost of production
Unit cost of production is low because the shrink­




















This method is considered siafest because the 
miner is working on stable ground. The main factor that 
must be watched is the drawing of the ore.
d) Ore Grade
The low grade of the body does not justify a more 
rapid method of extraction, which would probably require a 
larger investment and higher operating costs.
e) Mineralization
This deposit is a primary enrichment ore from 
hydrothermal intrusions. The deposit does not have any 
oxidation problems because it will be exploited above the
water' freatic table level which 'is at 530 mts. level.
f) Supervisory and Mining Knowledge
The miners and supervisors of this region are 
very experienced in the shrinkage method because it has 
been traditional.
g) Cost of Capital
The fact that ore remains in the stope and doesn't 
generate immediate revenue is not a problem for a large 
company such as Real del Monte y Pachuca.
MINING PROJECT 
The following figures and tables show the project and 
cost necessary for the exploitation of veins #2, 3, 4, 5, 
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The tables #5, 6 , 7, 8 , 9, and 10 show the following 
total costs.





Vein # 6 2,943,189
These total costs will be used in the mine operating 
cost calculation.
T-1996
CALCULATION OF THE MINE LIFE BASED ON 
RESERVES AND LIMITATION OF PRODUCTION FACILITIES
According to a time study, the average time for
hoisting is four hours. The average time for a skip is
three minutes for round trip (levels 520 to 120).
Average time of hoisting 4 hours = 240 minutes
Average time of skipping = 3 minutes
Volume skip = 1 cubic meter = 2.5 metric tons
240 = 80 skips per shift x 2.5 tons per skip =
3
2 0 0  tons per shift 
Assuming that the source of labor, materials, super­
vision and maintenance of equipment is enough and constant 
to produce 2 0 0  tons per shift.
In a cross cut or drift the cross section is 2.2 x 2.0 
meters. The cross section in a raise is 1.5 x 2.5 meters,
then for a developed meter we get:
Drift, cross cut = (2.2x2.0) x 1 x (E.G. 2.5) =11 Metric tons
Raise = (1.6x2.5) x 1 x (E.G. 2.5) = 10 Metric tons
Table 11 shows the amount of ore and waste that 




Amount of Metric Tons (Ore, Waste) that Must be 
Hauled and Hoisted in the Exploitation Project
VEIN #2 Metric Tons
Block of Reserves 
VEIN #3
Raises 240 mts x 10 tons 
Drifts 168 mts x 10 tons 
Block of reserves
VEIN #4
Raises 241 mts x 10 tons 
Drifts 216 mts x 11 tons 
Block of reserves
VEIN #5
Drifts and cross cuts 216 mts x 11 tons 
Block of reserves 
Block of ruin
VEIN # 6
Raises 306 mts x 10 tons 
































In base of a production of 200 tons per shift, we can have
400 ton production in 24 hours and 24 00 tons per week. Then,
208,896 tons = 87.04 weeks 
24 00 tons/week
PLUS
Rehabilitation Level 480 = 9.0 weeks
Development of bunker Level (480-520) = 8.0 weeks
Unexpected Time = 4.0 weeks
108.04 weeks
This time is approximately two years.
We have 108 weeks for all the projected operations.
Then the time for haulage and hoist of blocks of reserves 
will be
191,000 tons of reserves = 7 9.58 rounded to 80 weeks 
2400 tons/week
108 weeks for the entire project
-80 weeks for the haulage and hoist of reserves
28 weeks for rehabilitation and development of 
preparation for stoping
An approach of production for the first year is
52 weeks (a year)
-28 rehabilitation and preparation
29 weeks (2400 tons/week) = 56,600 tons
An approach of production of second year is
52 weeks (a year) (2400 tons/week) 124,800
+ 4 weeks (after second year) 9,600
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Therefore:
Ore production first year = 56,600 tons
Ore production second year = 134,400 tons





The measure of the success of any mining operation is 
the amountof difference between sales realization and cost 
of the product. Evaluation of alternatives in a mining 
project necessitates projecting costs and sales realization 
as accurately as possible. Possible variations in specific 
cost element must be considered so nothing improves the 
output of an engineering economic study more than a good 
input.
A detailed estimation of costs was conducted on each 
of the veins (No. 2, 3, 4, 5, 6 ) in Camelia Paraiso Mine. 
The Tables #6 , 7, 8 , 9, 10 show the following total costs.





10 # 6 2,943,189
10,534,439
Plus unexpected cost (11%) 11,693,227
Total Mine Operating Cost
71
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Using the logical sequence of mining the annual distri­
bution of probable cost will be as follows:
Mine Operating Cost = (58%) + (42%)
First year Second year
Plus 6,782,071 4,911,155
Equipment Operation
and Maintenance Cost 259,870 345,640
$7,041,941 $5,256,795
Mining operating cost must include equipment operation 
and maintenance cost.
Historical data from 1974 to the present show an escalated 
cost of 22.2 percent average. By effects of the devaluation 
of the Mexican money (December 197 6 ) the escalation cost 
factor must be greater. It is believed that the escalation 
cost will rise close to 34 percent annually for the following 
two years. Accordingly, two probability distributions of 
mine operating costs are shown in Figures 18 and 19.
T-1996
RECOVERY AND MILLING COST
The well-known plant of Compania de Real del Monte y 
Pachuca is located at Loreto in Pachuca City. In the early 
1930's, this plant was the largest silver-cyaniding operation 
in existence, with a milling capacity of 3,800 tons per day.
The age of the plant is over 4 0 years . However,- 
fine metallurgical results are obtained since little has 
changed in techniques of cyanidation in the last 50 years.
After rod-ball mill grinding with rake classifiers and cyclones 
in closed circuit, in cyanide solution, the low density pulp 
(fine grinding) is thickened before of agitation. .A long agi­
tation time of about 72 hours in a strong cyanide solution 
(0.25% Na CN) is required for argentite dissolution.
Following long agitation, the pulp is distributed to 
and filtered in five Butters tanks having a total filter 
area of 104,000 square feet. Each tank is self contained^ 
allowing for barren wash. Water wash returns to the grinding 
circuit and a second water wash to cyanide regeneration 
towers. Solution from the Butters filters is clarified 
before the Merrill-Crowe system of zinc dust precipitation.
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Barren solution becomes the regeneration plant acidification 
tower feed solution.
Precipitate is melted to dore bullion on one of two 10- 
ton capacity reverberatory furnaces. The metal is tapped 
into continuous anode casting machines. Anodes are parted 
in Thum-type electrolytic cells, the electrolyte being copper 
nitrate and silver nitrate. Resulting pure silver crystals 
are washed with distilled water, melted in an electric furnace 
and cast into 1,050 oz. silver bars of 999 fineness. The 
anode gold sludge is treated with nitric acid, melted, and 
cast into anodes and refined in Wohlwill electrolytic cells. 
The cathodes are cast into gold bars of 999.8 fineness.
Historical data from 1974 to the present shows an 
escalated cost of 23 percent average. It is believed that 
the escalation cost will raise close to 34 percent annually 
for the following two years. The milling cost per ton on 
December 1976 was $89.00 pesos. Accordingly (production and 
escalations cost) two probability distributions for milling 
cost are shown in Figures 21 and 22.
Recovery is a variable that depends on the heads that 
go into the process. For heads of 220 Ag-gr/ton like the 
ore reserves, the recovery will be close to 82.2 percent.
It is from historical data. Accordingly a probability dis­
tribution for recovery is shown in Figure 20.
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C I A .  ‘ REAL DEL MONTE 
P A C H U C A ,  M E X I C O
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SOCIO-ECONOMIC CONSIDERATIONS
The socio-economic aspects of a region must be addressed 
when considering a mining operation. The change in the 
environment may represent a major reason for public objection
to a proposed operation. The problems encountered are dif­
ficult to quantify and understand because of objectives and 
constraints.




The above mentioned items will be explained with respect 
to Real del Monte y Pachuca mining district, which is a 
peculiar region with distinct cultural, socio-economic life.
For this particular evaluation, the project of Camelia 
Paraiso is so small that it does not affect the situation, 







One of the socio-economic objectives of the company 
is to provide a source of employment for labor in the area. 
Thus it is desirable to extend the life of the mine for as 
long as possible.
After discovery of gold and silver in the area by the 
Spanish (1522), the city of Pachuca was founded and the mining 
operation started in the area. Even today it is possible 
to find beautiful monuments and markers as well as forts, 
churches, and cemetaries in the area that date back to 
the original settlement. One of the objectives of the company 
is to preserve these cultural artifacts.
The design of the mining operation should take into 
consideration all state mining regulations. These include 
historical values of the region. The company must consider 
the fact that although many historical locations have no 
real economic value, they are given a very high social value 
by the people in the area. The community has been tied to 
mining since its beginning and this has created a very special 
feeling about mining and its life style. The customs of the 
community reflect a proud heritage related to the historical 








c) Flood and drought
d) Soil erosion
Soil erosion in mine land reclamation must also be con­
sidered when establishing an operation. While it is diffi­
cult to quantify the appearance of the area during or after
mine operations, it must be part of the overall plan.






The land in the vicinity of Pachuca and Real del Monte 
is mountainous which restricts the towns and farms to the 
flat plains but provides considerable recreation such as 
hunting and camping. It is difficult to locate waste or 
tailings disposal areas on flat lands without running into 
resistance from the population.
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Public Attitudes 
A characteristic of man is his ability to control many 
aspects of his environment. There has been a long and COn-
Jrte
tinuingstruggle to manage and plan natural environment to 
maximize the health and well-being of mankind.
We can identify the consequences of mis-management of the 
environment in several levels.
1. Effects on health
2. Effects on comfort, convenience, efficiency,
and aesthetics
3. Effects on the balance of the ecosystem and 
renewable resources.
1. Effects on Health
There is a need for study of the environment and social 
factors that determine its impact on man's health. In the 
case of a mining operation it is necessary to provide working 
conditions that minimize the burden of infectious and psy­
chopathic diseases. Specifically in the case of mining, bad 
ventilation can be a principal source of unhealthyconditions.
Likewise a food health service controlled by the mining oper­
ation may be necessary to maintain a high quality of life.
2. Effects on Comfort, Convenience, Efficiency,and Aesthetics
The quality of environment is determined by a series of 
factors, not all easily quantifiable. These factors relate
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to the availability and quality of water, food, land, and 
air required for healthful working and living conditions.
The impact of production on a high quality environment may 
be to affect the health, comfort, aesthetic sense, or effi­
ciency of man in his capacity to attain a satisfactory social 
adjustment.
3. Effects on the Balance of Ecosystem and Renewable Resources 
The mining methods in use are affecting our water, air, 
land, subterranean resources, and the dynamics of all plants 
and animal life on earth by altering the'ecological balances.
The present project has very little effect on plants and 
animal wildlife of our natural resources.
The public attitude toward mining in Pachuca and Real 
del Monte is one of acceptance because mining has been a way 
of life for these people for so many generations and the 
environmental consequence of mining and refuse disposal are 
for the most part considered a necessary evil.
Economics
External cost is whenever-mining imposes costs that are 
not included in the mining calculation.
1. Economic considerations
The external cost imposed on others by the mining oper­
ation are a significant cost to society.
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a) All pollution, dust, smoke, waste from plant, etc.
b) Soil stability. The underground hydraulic system 
disorganization of rock strata during deep mining also 
upsets the regions water table. This characteristic 
of damage is clear in Real del Monte y Pachuca mining 
district.
c) Water pollution resulting from drainage from mines.
d) Land problem.
e) Intangible cost. Less measurable effects derived 
from aesthetics and cultural values that are not 
directly tied to markets.
In Real del Monte y Pachuca, the standard of living 
is low and there is poverty. Because of this, anything 
that will contribute to raise the economic level of the 
district is looked upon with favor.Because the mine 
creates employment, mining is encouraged.
Political Considerations 
Considering all regulations and politics in legisla­
tive programs whose mission is to control and abate pollu­
tion in the areas of air, water, solid waste, chemical, 
noise, etc., the company's regional politics are to maintain 
the source of labor and to develop economic growth.
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ECONOMIC EVALUATION
In evaluating projects and making choices between invest­
ment alternatives, every manager is painfully aware that he 
cannot and will not always be right. Management pressure is 
increased by the knowledge that the company's future depends 
on the ability to choose, with a high degree of consistency 
those investment and market opportunities that have a high 
probability of success, even though the characteristic of 
the future events are seldom precisely known.
Sensitivity analysis is a means of evaluating the effects 
of uncertainty on investment by determining how an investment 
alternative's profitability varies as the parameters are 
varied that affect economic evaluation results. Sensitivity 
analysis is a means of identifying those critical variables 
that, if changed,considerably affect the profitability measure.
It is known that a large number of parameters are in­
volved during the evaluation of a mineral project. Some of 
the parameters that affect the project can be either con­
trollable or uncontrollable and subject to uncertainty and risk.
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During the early stage of a mining project, it is necessary 
to carry out a very well-organized study upon those para­
meters that must affect the project and can be controlled 
by solving some engineering problems. Once the parameters 
are defined, the remaining problem is to combine the dis­
tributions for the individual variable in such a manner 
that the interactions among their uncertainties are revealed 
in the uncertainty of the final outcome.
The problem can be solved through the use of Monte Carlo 
simulation. The essence of the Monte Carlo simulation is that 
it presents values of parameters in proportion to their pro­
bability of occurrence, but the specific value of the para­
meter on the first, second, or millionth simulation will be 
a random value within the range presented in the probability 
distribution of the parameter.
In order to get a good answer, it is necessary to run 
all the possible combinations of parameters that will give all 
the possible discounted cash flow rates of return. Evidently 
the number of all possible combinations is too large to 
observe and impractical to calculate in its entirety. In 
actual practice, the number of simulations is limited to a 
number at which sufficiently accurate results are obtained.
In order to simulate the population of D.C.F.R.0.R., a 
computer program that generates random numbers from a system
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subroutine is used. Those numbers randomly selected are 
compared with the values of the cumulative probability func­
tions, until the appropriate parameters are assigned. With 
all parameter values already defined, the first simulation 
is completed. Further programming instructions calculate 
the annual cash flows and the corresponding discounted rate 
of return is obtained. Four hundred simulations generate a 
random D.C.F.R.O.R. sample of four hundred observations.
■ Statistically, the purpose of this is to generalize from 
information contained in the random sample, about the population 
from which the sample was obtained; so inferences about the 
parameters of the population such as the Mean and the standard 
deviation can be gathered by use of statistics and calculated 
on the basis of simulated random samples. A 95 percent con­
fidence interval is calculated in order to estimate possible 
population Mean.
The parameters considered in this mineral project are:
Mine operating cost, recovery, milling cost, capital invest­
ment, silver grade, silver price, gold price.
Mine Operating Cost 
A detailed estimation of cost has been conducted on 
each of the veins (No. 2, 3, 4, 5, 6 ) in the Camelia Paraiso 
mine. Mine operating cost includes the equipment operation 
and maintenance cost. It is believed that the escalation
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cost will rise close to 34 percent. Accordingly, two proba­
bility distributions of mine operating cost are shown in 
Figures 18 and 19.
^  Recovery and Milling Cost
Recovery will depend on the heads that go into the process. 
It is believed that for the ore reserves grade, the recovery 
will be very close to 82.2 percent.\^ Accordingly, a probability 
distribution for recovery is shown in Figure 20.
The milling cost per ton on December 1976 was $89.00 pesos. 
It is believed that the escalation cost will raise the milling 
cost 34 pei/cent annually. Accordingly two probability distri­
butions for annual milling cost are shown in Figures 21 and 22.
Capital Investment
The capital investment considered is as follows:
Pesos
Equipment 1,74 3,698
Rehabilitation Level 480 751,404
Working Capital 1,000,000
Total 3,495,103
It has to include some unexpected costs. Accordingly, 




It is possible that the silver grade in the ore reserves 
calculation could change. A probability distribution for 
silver grade with a range between 210 Ag/gr/ton and 2 60 Ag- 
gr/ton, is shown in Figure 24.
Silver and Gold Prices 
The price is one of the most important and complex para­
meters in any economic evaluation. For this study, a guess 
price combined with probability of occurrence is used. A 
price range between $3.7 and $4.7 5 U.S. dollars per ounce of 
silver and a range between $121 and $146 U.S. dollars per 
ounce of gold. Accordingly a probability distribution for 
silver and gold prices are shown in Figures 25 and 26. The 
exchange rate considered is the U.S. dollar = 22.7 pesos.
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SUMMARY AND CONCLUSIONS
The purpose of this study has been to analyze the profit 
ability of narrow veins with low grade, ores at Camelia Paraiso 
Mine.
With this in mind, a detailed cost study was carried 
out on an exploitation project in order to determine the 
probable cost of the mining operation.
In order to make a decision based on economic analysis 
the project was modeled into the computer program that 
simulates the possible outcomes taking the probabilities 
associated with each parameter that really affect the profit­
ability of the project.
It is important to point out that the probabilities 
associated with each parameter are not really known, but 
can be used to approximate subjectively determined ranges.
As a result of 475 simulations, the mean of rates of return 
is 210.81 percent with a standard deviation of 9.25. The 
95 percent confidence interval is between 209.98 percent 
and 211.65 percent, shown in Figure 27. This result reflects 
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193. 194. 3 XXX
194. 195. 2 XX
195. 196, ' 7 XXXXXXX
196. 197. 4 xxxx
197. 1 98. 5 xxxxx
198. 199. 7 XXXXXXX
199. 2 0 0 . 5 xxxxx
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= Discounted Cash Flow Rate of Return
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